We report the results of a large-scale picture naming experiment in which we evaluated the potential contribution of nine theoretically relevant factors to naming latencies. The experiment included a large number of items and a large sample of participants. In order to make this experiment as similar as possible to classic picture naming experiments, participants were familiarized with the materials during a training session. Speeded naming latencies were determined by a software key on the basis of the digital recording of the responses. The effects of various variables on these latencies were assessed with multiple regression techniques, using a repeated measures design. The interpretation of the observed effects is discussed in relation to previous studies and current views on lexical access during speech production.
Articulating the name that corresponds to the picture of a common object is a fast, efficient, and relatively effortless cognitive skill. These aspects of naming performance obscure the complexity of the processes involved in this behavior (see Glaser, 1992; Johnson, Paivio, & Clark, 1996) . The aim of the present study was to investigate the representations and processes involved in picture naming by examining the individual contribution of nine predictors (e.g., printed frequency, age of acquisition, name agreement, etc.) to naming latencies. An attempt was made to locate the influence of each predictor in a standard model of picture naming.
In the present study, 388 pictures were named by 46 participants whose immediate naming latencies and delayed pronunciation latencies were measured. Similar studies have already been conducted in American English (Snodgrass & Yuditsky, 1996) , Welsh (Barry, Morrison, & Ellis, 1997) , British English (Ellis & Morrison, 1998) , Spanish (Cuetos, Ellis, & Alvarez, 1999) , Italian (Dell'Acqua, Lotto, & Job, 2000) , and even French (Bonin, Chalard, Méot, & Fayol, 2002; Bonin, Peereman, Malardier, Méot, & Chalard, 2003) . 1 Critically, the present study makes a number of methodological improvements over previous studies. First, we tested a larger number of pictures (388 pictures). Second, we started by familiarizing participants with the materials, as is commonly done in language production studies using the picture naming paradigm. This allowed us to assess the impact of the familiarization process on the effects that the different variables have on naming latencies. Third, we used a repeated measures design in the regression analysis, following the methodology advocated by Lorch and Meyers (1990; see below) . Finally, we recorded the actual naming responses, which allowed us to check the accuracy of voice key measurements against the naming onset measured on the digital recording of the response. Together, these characteristics of the present study contribute to an increase in the amount of information gathered in the experiment as well as in the precision of its analysis. This directly improves the reliability of the effects that are reported.
According to current models of picture naming (e.g., Glaser, 1992; Humphreys, Riddoch, & Quinlan, 1988;  Part of the work reported in this article was presented at the 41st Annual Meeting of the Psychonomic Society held in New Orleans, November 2000. Correspondence should be addressed to F.-X. Alario, now at Laboratoire de Psychologie Cognitive -Case 66, CNRS and Université de Provence, 3 place Victor Hugo, 13331 Marseille Cedex 3, France (e-mail: alario@up.univ-mrs.fr). Levelt, Roelofs, & Meyer, 1999) , this basic task is accomplished by a sequence of at least four processesnamely, (1) activation of stored structural knowledge about the object's appearance, (2) activation of semantic information, (3) name retrieval, and (4) articulation (see Figure 1) . We investigated the different processing stages by assessing the independent effects of the nine different predictors described below. The investigation of these potential effects can contribute to our understanding of the processes involved at each stage.
Predictors of Picture Naming Speed
In what follows, we will briefly discuss empirical findings related to predictors of picture naming speed. We will start with visual factors such as visual complexity and image agreement, then we will discuss semantic factors such as concept familiarity and imageability (or image variability), and then we will discuss lexical factors such as name agreement, frequency, and age of acquisition. We will finish with phonological factors such as number of phonemes and number of syllables.
Visual complexity refers to the number of lines and detail in the drawing. It is thought to determine the ease of processing before or at the structural stage of object recognition. Visual complexity may affect such variables as naming latencies, tachistoscopic recognition thresholds, and memorizability. Early research that used pictorial stimuli established that more complex stimuli are more difficult to process than simple stimuli (Attneave, 1957 ; see also Ellis & Morrison, 1998 , for a recent replication). However, other investigators have shown that complex objects are identified and named as readily as simple objects (Biederman, 1987; Paivio, Clark, Digdon, & Bons, 1989) . The most recent view is that this factor does not have a major impact on naming latencies for simple black-and-white drawings, such as those used here.
Image agreement refers to the degree to which the images generated by participants to a picture's name agree with the actual picture. It might be thought of as a measure of the match or mismatch between the picture and a stored canonical representation of the object. Barry et al. (1997) showed that pictures with higher ratings of image agreement were named faster than were those with lower ratings. These results suggest that image agreement has its influence at the level of object recognition, so that the closer a picture is to one's mental image of an object, the faster the naming time for that picture will be.
Imageability (or image variability) is a measure of the extent to which an object name evokes few or many different images for a particular object. Effects of imageability have been reported in patients with deep dyslexia who are thought to read exclusively by means of semantic representations (Plaut & Shallice, 1993) . Morrison, Ellis, and Quinlan (1992) failed to find a significant effect of imageability on picture naming speed. However, the range of imageability values used in this study was rather restricted. Using a wider range, Ellis and Morrison (1998) found a significant effect of that factor. Plaut and Shallice (1993) interpreted imageability in terms of number of semantic features, so that names with high imageability have "richer" semantic representations than do names with lower imageability. Under this interpretation, the sensitivity of the picture naming task to the imageability variable could be attributed to the fact that objects with high imageability names are easier to process at the semantic level (during object identification).
Concept familiarity refers to the familiarity of the depicted concept. Familiarity has been shown to have important effects on various memory and cognitive processing tasks. In particular, Ellis and Morrison (1998) , Snodgrass and Yuditsky (1996) , and Feyereisen, Van der Borght, and Seron (1988) showed that, in their experiments, rated familiarity was a significant predictor of picture naming latencies so that the more familiar a concept is, the faster the naming time for that item will be. Hirsh and Funnell (1995) reported that neuropsychological patients with progressive semantic dementia were able to name pictures with high concept familiarity better than those with low concept familiarity, even when other factors such as age of acquisition and frequency were taken into account. They suggested that concept familiarity for pictures is equivalent to frequency for words, and that concept familiarity affects the ease with which representations of pictures can activate their central semantic representations.
Name agreement (or codability) refers to the degree to which participants agree on the name of the picture. Name agreement is measured by assessing the number of different names given to a particular picture across participants. Pictures that elicit many different names have lower name agreement than do those that elicit a single name. This information is important for picture-name matching studies, recall memory studies, and recognition studies in which verbal encoding is manipulated. Name agreement is also a robust predictor of naming diff iculty. Pictures with a single dominant response are named more quickly and accurately than those with multiple responses (Barry et al., 1997; Lachman, Shaffer, & Hennrikus, 1974; Paivio et al., 1989; Snodgrass & Yuditsky, 1996; Vitkovitch & Tyrrell, 1995) . More importantly, name agreement affects naming latencies independently of the effects of correlated attributes such as word frequency and rated age of name acquisition (Lachman et al., 1974; Vitkovitch & Tyrrell, 1995) .
Frequency is a measure of the degree of use of a given word, generally on the basis of counts of written corpora (e.g., Francis & Ku † cera, 1982, in English; Content, Mousty, & Radeau, 1990 , or New, Pallier, Ferrand, & Matos, 2001 . A strongly correlated predictor is age of acquisition, which is an evaluation of the moment in life at which a particular word was first learned (see the next paragraph). It has generally been observed that picture naming latencies decrease as name frequency increases (Barry et al., 1997; Ellis & Morrison, 1998; Oldfield & Wingfield, 1965) .
Age of acquisition refers to the age at which the words are learned. This measure can be obtained by asking adults to estimate this age (Morrison & Ellis, 1995; Morrison et al., 1992) or by the analysis of children's productions (both methods have been found to produce similar estimates; Ellis & Morrison, 1998; Morrison, Chappell, & Ellis, 1997) . Some authors have suggested that the general influence of word frequency on learning, memory, and perception could be attributed solely to this factor, and that frequency effects are not found when age of acquisition is properly controlled (Bonin et al., 2002; Carroll & White, 1973; Morrison et al., 1997; Morrison et al., 1992) . However, Barry et al. (1997) , Snodgrass and Yuditsky (1996) , and Ellis and Morrison (1998) found that the time taken to name a pictured object correctly was affected both by rated age of acquisition and by the frequency of the name (in accord with Lachman, 1973, and Lachman et al., 1974) .
Number of syllables and number of phonemes are phonological factors. It is commonly assumed that the phonological encoding of a word involves filling a word frame with the different segments or syllables that compose that word (e.g., Fromkin, 1971; Shattuck-Hufnagel, 1979 ). The main evidence in support of this claim comes from speech errors, and particularly from the existence of cases in which words are produced with erroneous segments or segments are exchanged between words. This encoding description leads to the prediction that longer words take more time to be encoded than do short words, if either the retrieval or the encoding of the units is assumed to be sequential. Various studies have addressed the issue of the existence of a length effect in word production, but the results are inconsistent. For example, Klapp, Anderson, and Berrian (1973) found a small but significant difference between monosyllabic and bisyllabic words in a picture naming task. This result was recently replicated by Santiago, MacKay, Palma, and Rho (2000) . Syllabic length effects were also found by Cuetos et al. (1999) in a study similar to the present one. However, Dell'Acqua et al. (2000) and Snodgrass and Yuditsky (1996) did not find the effect, nor did BachoudLévi, Dupoux, Cohen, and Mehler (1998) in a study involving various factorial design experiments.
As was noted previously, our experiment comprised two phases. First, there was a familiarization phase during which participants named all the pictures and received feedback on the names. The experiment proper was conducted during a second phase. We used this procedure because most psycholinguistic experiments that use the picture naming paradigm include familiarization of this type. In the presentation of the predictors used in our study, we have not included a systematic discussion of the impact of the familiarization phase on the effects of the different variables. Indeed, our primary interest lies on the second (postfamiliarization) naming session, whose results can be compared with those of other studies (e.g., language production studies). As a general prediction concerning the effects of familiarization on the participants' performance, one can expect that naming times will be shorter and less variable in the second than in the first session. Consequently, the effects of the manipulated factors will probably be somewhat attenuated. Besides this general point, it could be the case that the effect of a particular variable is specifically affected by the familiarization and the repetition of the items. In this study we did not have a priori hypotheses concerning this possibility for any particular variable.
EXPERIMENT
In order to evaluate the independent contribution of the nine variables included in the study to the process of single-word production, we conducted a large-scale picture naming experiment. The experiment we conducted comprised two sessions. During the first session, the participants named the pictures, which they had not seen before. The collected responses provided naming times without prior familiarization. Furthermore, in each trial of this session, the expected modal name of the picture was written on the computer screen after the naming response had been recorded. This feedback was intended to familiarize the participants with the picture names that they were asked to use in the second session. During the second session, the participants named each picture twice; first in a classic immediate naming procedure and then in a delayed pronunciation task. In each trial, the participants first named the picture as fast as possible upon its appearance on the screen (immediate naming). Shortly after, a prompt-a question mark-appeared on the screen and triggered the second production of the name of the picture (delayed pronunciation). In this article, we will concentrate on the immediate naming latencies obtained in the first (familiarization) phase and in the second phase. We conducted various multiple regression analyses on this data set. The inclusion of delayed repetition in the study was originally motivated to address issues about the peripheral process of articulation (Balota & Chumbley, 1985; Forster & Chambers, 1973; Monsell, Doyle, & Haggard, 1989; Savage, Bradley, & Forster, 1990) and will be described in detail elsewhere.
Method Stimuli
Three hundred eighty-eight black-and-white pictures were selected from among the picture database of Cycowicz, Friedman, Rothstein, and Snodgrass (1997) , which included the 260 pictures of Snodgrass and Vanderwart (1980) . The full database comprised 400 pictures, but we excluded 12 of them that had the same modal name as a more common object in the corpus. For example, the picture of a verre a pied (wineglass) was excluded because it has the same modal name as the picture of a verre (glass). The pictures used, which have previously been normed in French by Alario and Ferrand (1999) , span a wide range of values in each of the relevant dimensions under consideration (see Table 1 ). Pairwise correlations between these variables can be found in Table 2 . Eighteen additional pictures were selected to be used as training and warm-up trials during the experiment. All pictures were presented as black outlines on a white screen in the center of the computer screen.
Definitions of the Independent Variables
The normed values of most of the variables used in the present study are those of Alario and Ferrand (1999) . In this section, we recall briefly how the norms were collected in that study.
Visual complexity (from Alario & Ferrand, 1999) . Participants were asked to rate the complexity of the black-and-white drawings of objects. They were told that complexity is a measure of the amount of detail or the intricacy of the lines in a picture, and they rated each picture on a 5-point scale (1, drawing very simple, 5, drawing very complex) .
Image agreem ent (from Alario & Ferrand, 1999) . Participants were asked to judge how closely each picture resembled their mental image of the object by "comparing" their mental image of the object with the representation adopted in the pictorial stimuli. Participants rated the degree of agreement between their image and the picture by using the 5-point scale: A rating of 1 indicated low agreement, the picture provided a poor match to their image, and a rating of 5 indicated high agreement .
Imageability (from Alario & Ferrand, 1999) . Participants were instructed to rate on a 5-point scale (1, few images, 5, many images) whether a given picture name evoked few or many different images for that particular object.
Concept familiarity (from Alario & Ferrand, 1999) . Participants rated the degree to which they come in contact with or think about the concept on a 5-point scale (1, a very unfamiliar object, 5, a very familiar object).
Name agreem ent (from Alario & Ferrand , 1999) . Name agreement was evaluated by calculating the H statistic on the naming outcomes in an off-line task. H measures the dispersion of the responses provided; its value is zero if all participants provide the same name for the picture, and it increases with the number of different responses.
Printed frequency (from New et al., 2001) . Frequency values were taken from the new French database LEXIQUE (New et al., 2001) . The values used are expressed in terms of occurrences per million words. This recent corpus is based on texts published from 1950 to 2000 and contains 31 million words.
Age of acquisition (from Alario & Ferrand, 1999) . Participants were asked to estimate the age at which they thought they had learned each of the names in its written or oral form on a 5-point scale (1, learned at 0-3 years, 5, learned at age 121, with 3-year age bands in between).
Number of phonemes and syllables. These were taken from the French lexical database LEXIQUE (New et al., 2001 ).
Participants
Forty-six students at the University of Geneva, Switzerland, participated in the experiment for course credit. All were native speakers of French with normal or corrected-to-normal vision.
Procedure
The experiment was divided into two sessions that were run at an interval of 1 week. Each session lasted for about 1 h and included three pauses. During the first session, the participants were familiarized with the materials. In each experimental trial, they were asked to name as quickly as possible a picture that appeared on the screen. Their response was recorded during a 2,000-msec period. As soon as articulation started and the voice key was triggered, the Note-This summary is based on the 329 items that were included in the regression analysis.
picture disappeared from the screen. It was replaced by the modal name of the picture written in capital letters. The participants were instructed to check their response against that provided by the computer and, if the two differed, to use only the name provided by the computer during the next session. The appearance of the following trial was self-paced. This feedback procedure was modeled from familiarization procedures used in previously reported picture naming experiments. Each experimental trial of the second session comprised an immediate naming and a delayed pronunciation response. The participants were asked to name the picture as quickly as possible when it appeared on the computer screen. Their response was recorded during a 2,000-msec period, although as soon as they started to articulate it, the target disappeared from the screen. A prompt (question mark) appeared 750 msec after the end of the fixed recording period. The participants then had to repeat the picture name they had previously produced. Each session lasted for approximately 1 h. The participants were given short breaks between blocks (see the Design section below). The experiment was piloted by the program DMDX (Forster & Forster, 2003) . This program recorded a digital version of the participant's responses. It also provided naming times evaluated by a software voice key. In order to test the reliability of the voice key measurements, we selected 7 participants at random to conduct a comparative analysis of the response onset times obtained with the software voice-key and those obtained by visual inspection of the recorded waveform of the responses. The correlation between these two measures was always very high (all correlation coefficients ..84, all r 2 s ..71), indicating a high degree of consistency between the two measures. In the analysis reported below, we always used the times provided by the software voice key.
Design
Every participant named all 388 pictures during both sessions. During the first (familiarization) session, the pictures were presented in a random order. For the second session, four pseudo-random lists were created, in which two consecutive items were neither semantically nor phonologically related. Each participant received one of the experimental lists. The experiment began with a practice block of four items. The 388 experimental items were then presented in four blocks of 97 items. The first four trials that started a block were warm-up trials.
Results
The following procedures were followed for the analysis of the two naming sessions. The data of the 46 participants were first screened for errors and outliers. We considered as errors and excluded those trials in which the voice key malfunctioned, those in which the participants stuttered, hesitated noisily, or gave an incorrect response, and trials in which naming latencies were more than three standard deviations from the mean of the participant (outliers). We also excluded from the analysis all items that led to less than 40% correct responses. We also excluded a few items (mainly compounds such as pomme de terre [potato] ) that could not be found in the French database LEXIQUE (New et al., 2001 ). This left 329 items.
We conducted separated single-equation multiple regression analyses on the immediate naming latency data of the first and second sessions. The experimental design we used included repeated measures by participants. Most often picture naming studies that have analyzed this type of data sets have used response times averaged over subjects (see the references cited earlier). This method yields one data point per item on which the regression is conducted. The problem with this averaging procedure is that by reducing all data points for a given item to a single measure, it loses valuable information in the original data set. In particular, the averaging does not allow us to partial out any participant effect (Lorch & Myers, 1990) . In our analysis of the data set, no averaging was done: The regression was conducted directly on the individual naming latencies (46 3 329 5 15,134 data points, from which errors and outliers were excluded). The variables included in the analysis were the nine factors described earlier, in addition to participants coded as dummy variables. 2 Owing to the high number of degrees of freedom and of tests conducted in these analyses, we adopted an a criterion of 0.01.
First Session
The average naming latency was 883 msec, with a standard deviation of 289 msec. There were errors or outliers on 27% of the trials (4,079 out of 15,134). The overall regression equation was significant, and the Table 3 shows the results of the simultaneous multiple regression analysis on the immediate naming data. The overall regression equation was significant, and the model accounted for 29% of the variance in the data [F(54,12662) 5 96.15, root MS e 5 215.5, p , .001; R 2 5 .29]. The results show that name agreement (H ), image agreement, visual complexity, imageability, age of acquisition, and printed frequency made significant independent contributions toward predicting naming speed. Number of syllables was significant. The b coefficients for concept familiarity and number of phonemes were not significant.
Further Analysis of the Second Session Data
All but one of the reported effects were in the expected direction. For example, the significant positive b coefficient for the age of acquisition indicates that pictures with names acquired later produced longer naming latencies than did pictures with names learned earlier. Somewhat surprisingly, the marginally significant b coefficient reported for the number of syllables predictor was negative. Under a standard interpretation, this would indicate faster naming times for longer words-a counterintuitive result. This effect was similarly observed whether the variable that is most highly correlated to the number of syllables (the number of phonemes) was included in the analysis or not, suggesting that the counterintuitive b coefficient cannot be readily attributed to colinearity between the predictors. Furthermore, we conducted a post hoc exploration of the effect of syllabic length by randomly selecting 60 pictures, 20 with monosyllabic names, 20 with bisyllabic names, and 20 with trisyllabic names. These three groups of items were matched for nearly all other dimensions available in our study [all Fs , 1 but for the predictors name agreement for which F(2,57) 5 1.21, p 5 .31, and image complexity for which F(2,56) 5 1.51, p 5 .23]. The three groups of pictures could not be matched for length in phonemes while matching for the other factors (on average, pictures with monosyllabic names had 3.0 phonemes, those with bisyllabic names had 4.5 phonemes, and those with trisyllabic names had 6.5 phonemes). The analysis of these data showed the following naming times for the three groups: monosyllabic, 841 msec; bisyllabic, 841 msec; trisyllabic, 821 msec. These results suggest that the length effect might be limited to a (still counterintuitive) faster naming for trisyllabic items [F 1 (2,90) 5 2.49, p 5 .09; F 2 (2,57) , 1]. This unexpected outcome will be discussed further in the General Discussion section.
The effect of the training session can be assessed by comparing the pattern of results in the first and second naming sessions. It can also be assessed by comparing, within the second session, naming times for items that were successfully named in the first session and naming times for items for which an incorrect response was provided in the first session. Note that most of the responses in the f irst session were correct; therefore, there are many more data points in the first subset (first session correct, 10,590 data points) than in the second subset (second session correct, 2,785 data points). The post hoc analysis of this second set must therefore be interpreted carefully. The analyses revealed that the pattern of performance on the actual naming session (Session 2) was not critically influenced by the nature of the response in the f irst session. In other words, multiple regression analysis yielded similar levels of significant b coefficients of similar signs for the different predictors. Overall, b coefficients and t values were smaller in the second subset than in the whole data set, probably because of the smaller number of data. The only notable difference between the two data sets concerns the predictors that index item length (in phonemes and in syllables). Whereas only syllabic length contributed (marginally) to predicting naming latencies in the first subset, both length in sylla- bles and phonemes (marginally) contributed to the prediction of naming latencies in Subset 2 (see the General Discussion section for details about the interpretation of length effects).
Comparison of the Naming Data With Previous Studies
In order to tease apart the independent contribution to naming latencies of different closely related factors, we included in this study a large number of items named by many participants. Although this high number of observations argues for the robustness of the effects we report, it remains important to compare our results with those of previous studies. Table 4 provides a summary of the multiple regression analysis results obtained in the present study (conducted in French) as well as in other studies conducted in American English (Snodgrass & Yuditsky, 1996) , Welsh (Barry et al., 1997) , British English (Ellis & Morrison, 1998) , Spanish (Cuetos et al., 1999) , Italian (Dell'Acqua et al., 2000) , and French (Bonin et al., 2002; Bonin et al., 2003) . As can be seen, frequency, age of acquisition, name agreement, and image agreement emerged as the most robust predictors of picture naming speed across the eight studies considered. The other effects contributed significantly only in a fraction of the reported studies, although not all studies investigated all effects.
A notable difference between the results of the present study and those of the study conducted in French by Bonin et al. (2002) is that we found a clear effect of frequency, whereas Bonin et al. failed to find such an effect (although see Bonin et al., 2003) . This difference in the results is of importance in the current debate about the relationship between frequency and age-of-acquisition effects. One of the various minor differences between their study and ours could be responsible for this difference: for example, the fact that the two studies used different frequency counts, or the difference in the number of items (203 in their analysis, 329 in ours). Because the original collection of pictures used in both studies was the same, we were able to make a direct comparison between the data collected in the two studies by conducting various post hoc regression analyses on our data. In these analysis, we included only the items used by Bonin et al. (2002) , and we used as predictors those tested in their study. We conducted four different analyses, which differed in the frequency count used: LEXIQUE frequency (New et al., 2001) , log(LEXIQUE 1 1), BRULEX frequency (Content et al., 1990) , and log (BRULEX 1 1) . In all these analyses, we found significant effects of the frequency factor (all ps , .01). Although we cannot be sure why Bonin et al. (2002) did not find an effect of frequency, we can be confident that frequency contributed significantly as a robust predictor of naming latency in our experiment, even when the potential contributions of age of acquisition and concept familiarity were partialed out (thus confirming the results obtained by Barry et al., 1997; Ellis & Morrison, 1998; Snodgrass & Yuditsky, 1996 ; and the more recent results reported by Bonin et al., 2002) .
GENERAL DISCUSSIO N
In this study, we investigated the cognitive processes involved in the picture naming task by assessing the independent roles of different predictor variables on picture naming latencies. We improved on a methodology introduced in previous studies by familiarizing participants with the experimental materials, by using a very large sample of data, and by analyzing it in a repeated measures, multiple regression analysis. Naming latencies were measured by a software voice key. These measurements were shown to be reliably similar to the measurements obtained by analyzing the actual acoustic onset on the digital recordings of the responses. These characteristics of our study argue in favor of the reliability of the reported effects. Table 4  Summary Table of Note-, significant effect; -, not available; n.s., effect not significant. 1 Contrary to the other studies, these pictures were not taken from Snodgrass and Vanderwart (1980) or from Cycowicz et al. (1997) . 2 This effect was in the unexpected direction (negative b coefficient).
A first point that our research helps to establish is the impact of the familiarization phase on performance in a psycholinguistic picture naming experiment. The data sets obtained in the two naming phases were very comparable. Although the significance level of the reported effects is somewhat lower in the second session, the same overall pattern is observed in the two sessions. The major difference between the data sets of the first and the second session concerns the average naming latencies and their variability, as well as on the number of errors. 3 As could be expected, performance was better in the second session, with an overall priming effect of 39 msec on naming latencies and of 11% on error rates. The values of the standard deviations computed on the naming latencies data set showed less variability in the second than in the first session (first session, 289 msec; second session, 255 msec). Furthermore, a separate analysis of second naming trials for which the corresponding response in the familiarization phase (same item, same participant) was correct versus incorrect revealed no relevant differences. These expected results provide a clear motivation for the current practice of familiarizing participants with experimental materials before conducting a picture naming experiment. The resulting data set is more homogeneous, without a major influence on effects of the size reported here.
In the following section, we will briefly discuss the implications of the major effects that we observed in relation to previous studies and current views on lexical access during speech production.
Visual Complexity and Image Agreement
Visual complexity was a significant predictor of picture naming speed in the second naming session, a result also obtained by Ellis and Morrison (1998) . These authors have suggested that the complexity of a drawing influences the time taken to recognize the image as the representation of a familiar object. However, many immediate naming studies have failed to find such an effect (Barry et al., 1997; Bonin et al., 2002; Bonin et al., 2003; Cuetos et al., 1999; Snodgrass & Yuditsky, 1996) . This absence of an effect is consistent with the view that this factor does not have a major impact on naming latencies for simple black-andwhite drawings such as those used here (Biederman, 1987; Paivio, Clark, Digdon, & Bons, 1989) .
Image agreement was a significant predictor of picture naming speed, indicating that pictures with higher ratings of image agreement were named faster than those with lower ratings. Barry et al. (1997) suggested that this variable relates to the ease with which a particular drawing is recognized as a positive instance of the object for which the entry level representation is established. They further suggested that image agreement has its influence relatively early during picture naming at the level of the stored structural descriptions. Processing at this level would be faster for items whose pictures closely resemble the stored structural description than for items whose pictures fit more poorly with its stored representation.
Imageability and Concept Familiarity
Imageability contributed significantly to naming latencies in the present study (see also Bonin et al., 2002; Ellis & Morrison, 1998) . The presence of an imageability effect is particularly notable given the restricted range of values available in this type of study, since the words used are all names of concrete objects. Ellis and Morrison (1998) suggested a semantic locus for this effectthat is, the meaning of a picture to be named becoming available faster the more imageable the object is.
Concept familiarity was not significant in the experimental session of the present study, although it had a significant effect during the familiarization phase. The effect of this factor has been reported only in three of the eight studies summarized on Table 4 (it was obtained by Cuetos et al., 1999; Ellis & Morrison, 1998; Snodgrass & Yuditsky, 1996) . The lack of robustness of the familiarity effect with repetition and its observation only in some of the studies reported in the literature suggests that this variable has at most a weak effect on picture naming latencies. Concept familiarity is defined as a measure of the frequency with which participants use or encounter a given object. The absence of a familiarity effect could therefore suggest that the process of object identification involved in picture naming is not very sensitive to frequency of occurrence (as we will see below, the process of word retrieval seems sensitive to frequency of use).
Name Agreement
Replicating robust effects observed in previous studies (e.g., Barry et al., 1997; Bonin et al., 2002; Bonin et al., 2003; Cuetos et al., 1999; Dell'Acqua et al., 2000; Ellis & Morrison, 1998; Lachman et al., 1974; Paivio et al., 1989; Snodgrass & Yuditsky, 1996; Vitkovitch & Tyrrell, 1995) , we found that the factor name agreement emerged as the strongest predictor of picture naming latencies. This effect was found despite the fact that in our study participants benefited from a first phase of familiarization with the pictures, in which they were given the opportunity to identify and study the names of the experimental pictures. This effect signals the importance of the "strength" of the relationship between a given depicted concept and its corresponding name. Presumably, processing objects with low name agreement produces the activation of more lexical candidates than does the processing of objects with high name agreement. The effect of name agreement would reflect the competition between alternative responses and additional time required to select between them. Other studies have found that name agreement decreased naming but not object decision reaction times for the same pictures, suggesting that it affected a postidentification stage unique to naming (name retrieval, response generation, or both; Johnson et al., 1996) .
Frequency and Age of Acquisition
These two predictors are highly correlated and have triggered important discussions in the field of psycho-linguistics. Various studies have tried to determine whether one is responsible for the effect attributed to the other. Some studies of picture naming found effects of age of acquisition but not frequency on picture naming speed (e.g., Gilhooly & Gilhooly, 1979; Morrison et al., 1992) . However, more recent investigations involving larger numbers of items and more up-to-date frequency measures have tended to find independent contributions of both variables (e.g., Barry et al., 1997; Ellis & Morrison, 1998; Snodgrass & Yuditsky, 1996) . Thus, the object pictures that are named the fastest are acquired early and of high frequency of use, whereas those that are named slowest are acquired late and are of low frequency. In the present study, we observed clear effects of both printed frequency and age of acquisition. Therefore, the results we report clearly indicate that both frequency and age of acquisition play independent determinant roles in picture naming (but see Bonin et al., 2002; Bonin et al., 2003) .
It has also been shown that the age-of-acquisition factor does not affect object classification speed (Morrison et al., 1992) . This suggests that the effect of age of acquisition is located at the level of name retrieval itself. Barry et al. (1997) proposed that both frequency and age of acquisition affect the same essential process-namely, how a word's phonological representation is activated for its production in speech. They suggested that frequency and age of acquisition have their effect after the semantic level but prior to the articulation level: the level of name retrieval or the phonological encoding level (see Figure 1 ). This view is somehow strengthened by the fact that we did not observe an independent effect for concept familiarity in the second session of our experiment and by the fact that concept familiarity is not a robust predictor of naming latencies across studies. If concept familiarity is taken as a measure of object use frequency-as opposed to word use frequency-the absence of an effect of familiarity suggests that in this type of experiment the process that is sensitive to the frequency of use dimension is word retrieval rather than object identification.
Number of Phonemes and Syllables
Number of phonemes did not contribute significantly to predicting naming latencies. This absence of effect was also observed in most studies examining this variable (see Table 4 ). Number of syllables contributed marginally to naming latencies. However, this effect was not in the expected direction. The negative b coefficient indicates shorter naming latencies for longer words. A post hoc analysis conducted on a subset of the items showed that trisyllabic items were named, on average, faster than mono-or bisyllabic items. We can consider this result in light of previous attempts to demonstrate effects of the number of syllables. In studies similar to this one, Cuetos et al. (1999) found the effect, but Snodgrass and Yuditsky (1996) and Dell'Acqua et al. (2000) failed to find them (see Table 4 ). As was mentioned in the introduction, the effect of the number of syllables has proved elusive in picture naming experiments (compare Bachoud- Lévi et al., 1998 , with Santiago et al., 2000 . This does not mean that length in syllables does not affect any level of processing during picture naming or that syllables play no significant role during phonological encoding. It could be that certain specific conditions have to be met for the effect to be observed. Recent evidence provided by Meyer, Roelofs, and Levelt (2003) suggests such a conclusion. These authors found effects of the number of syllables in blocked designs (i.e., when the number of syllables of a given experimental block was held constant) but not in mixed designs. Another possibility is that the syllable length effect interacts with printed frequency, so that the effect is observed only for low frequency names but not for high frequency names (see Ferrand, 2000 , for such a result obtained in a word naming task). Clearly, further investigation of this potentially important effect is required. Indeed, the results observed for this latter factor provide an example of the limitations of the methodology used here, in which experimental factors are not explicitly manipulated.
CONCLUSION
The processes involved in the production of the name of a picture are sensitive to a variety of factors. Our study provides converging and new evidence on these effects. On the methodological side, the present study has shown the reliability of naming latency measurements obtained with a software voice key. It also provides an example of the application of a repeated measures design in a multiple regression analysis, a recommended methodology that is seldom used for this type of experiment.
The main conclusions that can be drawn from our study are as follows. Visual complexity, image agreement, and name agreement are major determinants of naming speed. Frequency and age of acquisition both make independent contributions to naming times. This conclusion is different from that reached in some other studies in which frequency effects disappeared when age of acquisition was controlled for. Also, the reliable effect observed for word frequency contrasts with the absence of an effect of the object familiarity factor, which could be taken as a measure of frequency of object use. Finally, our results indicate that the nature of the effect of word length still requires a more thorough study. 
